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0 Electronic toothbrush. 

© A toot-brush comprising a handle (3) and a 
brush portion (5). The. handle contains a piezoelec- 
tric generating element (4) having two electrodes 
(7.8). A diode (9) is situated between electrodes (7.8) 
for rectifying the flow of negative electrons from the 
brush portion (5) via the user's body to the handle 
(3). The flow of electrons induces a reducing pro- 
cess which effectively removes dental plaque. 
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ELECTRONIC TOOTHBRUSH 



BACKGROUND OF THE INVENTION 

This invention relates to an electronic tooth- 
brush for a purpose of removing dental plague by 
means of brushing and discharging electrons. 

A tooth decay is a disease that hard inorganic 
teeth are decayed by an acid produced by bacteria 
in a mouth. Dental plague, that is composed of 
propagating bacteria, depositing protein and inor- 
ganic compound in saliva, overspreads and builts 
up on a tooth-surface. Tartar is produced by cal- 
cification of the plague which main ingredient is 
calcium phosphate. Pyorrhea alvealaris is an in- 
flammation of gums caused by plague left on a 
root of tooth and under a gum line. 

A conventional electronic toothbrush using a 
dry battery or solar battery generated electrons 
that decompose plague and the neutralize iatic acid 
by means of a reducing process around teeth. This 
reducing process is caused of the electrons that 
flow through conductive saliva and water with posi- 
tive and negative ions, for example, kalium, so- 
dium, magnesium, bicarbonate, chlorine, phosphor- 
ic acid, etc. However, the conventional electronic 
toothbrush is generally high in price because of 
using a complicated waterproof structure and an 
expensive battery. Furthermore, there are other 
drawbacks that a life of a dry battery is limited and 
an output voltage of a solar battery is lew. 

SUMMARY OF THE INVENTION 



It is an object of the present invention, there- 
fore, to simplify a structure of an electronic tooth- 
brush, to reduce a cost without using a high price 
battery, to obtain a high output voltage and to get 
unlimited life. These objects of the present inven- 
tion are realized by utilizing a piezo-electric ele- 
ment mounted in a handle of a toothbrush. 

Electrodes are formed on both sides of said 
piezo-electric element located in the center portion 
of the handle, and then the electrode on one side 
is exposed in close vicinity to the brushing portion 
and the electrode on the other side is exposed on 
the gripped portion of the handle. On the occasion 
of toothbrushing. positive and negative charges are 
generated on both sides of the piezo-electric ele- 
ment as a result of bending and vibration of the 
handle. 

It is necessary to select proper polarity of the 
piezo-electric element and put in a diode between 
both electrodes for generating selec tively negative 



charges on the electrode exposed in close vicinity 
to the brushing portion. Electrons flow from the 
electrode near the brushing portion to the electrode 
on the gripped portion of the handle, through saliva 

5 and water in a mouth, teeth, a root of tooth, a 
human body and a hand. Consequently, dental 
plagues are removed effectively by a reducing 
process due to the electrons around teeth. 

According to one aspect of this invention, for 

w achieving the objects described above, there is 
provided an electronic toothbrush comprising: a 
piezo-electric element with piezo-electric character- 
istic mounted in a handle between a gripped por- 
tion and a brushing portion of said electronic tooth- 

is brush; an exposed electrode in close vicinity to 
said brushing portion and an opposite exposed 
electrode on said gripped portion of said handle 
formed on both sides of said piezo-electric ele- 
ment, respectively. 

20 The nature, principle and utility of the invention 

will become more apparent from the following de- 
tailed description when read in conjunction with the 
accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention is described in greater 
30 detail with reference to the drawings, in which: 

FIG.i is a cross sectional view of a basic 
embodiment of the present invention: 

FIG. 2 is illustrative of a principle of a piezo- 
electric element used in the present invention: 
35 FIGs.3 and 4 are characteristic curves ob- 

served in an oscilloscope of output voltages gen- 
erated by piezo-electric elements without and with 
a diode, respectively; 

FIGs.5 and 6 are perspective views illustra- 
jo tive of piezo-electric bimorphs: 

FIGs.7 and 8 are cross sectional views illus- 
trative of location of piezo-electric elements in han- 
dles: 

FIG.9 is a cross sectional view illustrative of 
45 a reformed embodiment of the present invention; 
and 

FIG. 10 is a perspective view illustrative of 
another embodiment of the present invention. 

50 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



BEST AVAILABLE COPY 



3 



EP 0 324 120 A1 



4 



The basic embodiment of the present invention 
is shown in the cross sectional view of FIG.1. A 
piezo-electric element 4 with piezo- electric char- 
acteristic is operative^ mounted in a handle 3 of a 
toothbrush between a gripped portion 1 and a 
brushing portion 2 of the handle 3. A diode 9 with 
rectifying action is used to electrically connect an 
electrode 7 and an electrode 8 formed on both 
' sides of the piezo-electric element 4. The electrode 
7 is exposed in close vicinity to the brushing por- 
tion 2 on the brush 5 side of the handle 3, and the 
electrode 8 is exposed on the opposite side. The 
brush 5 is laid on the surface 6 of the brushing 
portion 2. 

FIG.2 illustrates the principle of generating the 
output voltage in the piezo-electric element 10. 
When the piezo-electric element 1.0 is expanded 
and contracted horizontally, positive and negative 
charges are generated on the electrodes 11 and 
12. respectively- The piezo-electric element 10. for 
example a polyvinylidene fluoride film, consists of 
countless dipoles that allow the element to create 
electric charges resulting from expansion and con- 
traction applied to the element. If both electrodes 
11 and 12 are electrically connected, the electric 
current flows from the electrode with negative 
charges to the electrode with positive charges. 

FIGs.3 and 4 illustrate the characteristic curves 
of the output voltage generated from the piezo- 
electric element, as shown in FIG.2. mounted on a 
piece of plastic plate as a cantilever at the time of 
tapping without and with the diode 9. respectively. 
The ordinate axis denotes the voltage V by 2 volt 
per one scale and the abscissas axis the time t by 
20 msec pre one scale, respectively. In the char- 
acteristic curve of FIG.3. without the diode 9. the 
output voltage is lower and the output voltage of 
opposite polarity is generated at the time of resil- 
ience of the plastic plate with the piezo-electric 
element. In FIG. 4, with the diode 9. the output 
voltage is higher and nealy rectified without op- 
posite polarity. 

The present invention utilizes the phenomenon 
mentioned above. When the handle 3 of the tooth- 
brush shown in FIG.1 is bent, the output voltage is 
generated according to expansion and contraction 
of the piezo-electric element 4. In other words, the 
output voltage results in between the brush 5 side 
electrode 7 exposed in close vicinity to the brush- 
ing portion 2 and the other electrode 8 exposed on 
the gripped portion 1 of the handle 3. The external 
force is always applied to the brush 5 when tooth- 
brushing, and therefore the handle 3 of the tooth- 
brush is bent almost always toward the surface 6 
with the brush 5. The piezo-electric element 4 is 
polarized so that the negative charges are gen- 
erated on the electrode 7 due to the expansion and 
the contraction corresponding to the bending of the 



handle 3. Electrons flow in the circuit from the 
electrode 7 with negative charges to the electrode 
8 with positive charges, through conductive salvia 
and water in a mouth, teeth or gums, a human 
5 body and a hand. Furthermore, to generate the 
electrons only out from the electrode 7 and to 
obtain a higher output voltage, the diode 9 rectify- 
ing action is electrically connected between the 
electrodes 7 and 8. On the occasion that positive 
io and negative charges are generated on the elec- 
trodes 7 and 8. respectively, most of the electric 
current flows in the diode 9 with low resistivity due 
to the forward direction, not in the circuit of the 
mouth and the human body with relatively high 
T5 resistivity. Then, the electric current from the elec- 
trode 7 to the electrode 8 is rectified as shown in 
FIG. 4, the higher negative output voltages is gen- 
erated only on the electrode 7.. In general, the 
diode used in the present invention is low priced 
20 due to the small size and has water-resisting qual- 
ity compared with a dry battery. Moreover, the 
piezo-electric element, a polyvinylidene fluoride 
film, for example, is tow priced and water-resistant. 
The other embodiments of the present inven- 
ts tion are illustrated in FIGs.5-10. 

The bending motion of the plastic handle 3 
between the gripped portion 1 and the brushing 
portion 2 is mentioned above in FIG.1. The nega- 
tive charges corresponding to the bending of the 
30 handle 3 must be generated on the electrode 7. As 
mentioned in the summary of the invention, it is 
necessary to obtain electrons near the brushing 
portion 2 for the purpose of effective removing 
plague and tartar by brushing and a reducing pro- 
35 cess. The piezo-electric bimorph 13. the laminate 
of the piezo-electric elements as shown in FIG.5. 
generated different charges on the electrodes 14 
and 15 in response to the bending. 

Another piezo-electric bimorph in FIG.6. the 
40 laminate of a piezo-electric element 1 7 and a metal 
sheet 16. can be used in the present invention. In 
this case, different charges are generated on elec- 
trode 18 and the metal sheet 16 due to the bend- 
ing. The piezo-electric element 17. a polyvinyliden 
45 fluoride film, is relatively flexible, but the metal 
sheet 16 is rigid and has not flexibility of expansion 
and contraction. On the occasion that the piezo- 
electric element 17 of the bimorph in FIG.6 is 
located on the brush side of the handle of the 
so toothbrush, the piezo-electric element 17 is mainly 
expanded. In the contrary case, the piezo-electnc 
element 17 is mostly contracted when toothbrusing. 
The piezo-electric elements of the bimorphs shown 
in FIGs.5 and 6 are necessary to be polarized so 
55 that the negative charges are generated on the 
electrodes near the brushing portion. Subsequently, 
the other embodiments shown in FIGs.7 and 8 
which can achieve effectively the ob,ect of the 
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present invention use the single layer piezo-electric 
elements 4. not bimorphs. These single layer ele- 
ments 4 that are mounted in the location shifted 
from the center line X-X of the handle 3 are con- 
sequently contracted and expanded as shown in 
FIGs.7 and 8. respectively, when bending of the 
handle 3. The polarizing directions of the piezo- 
electric elements 4 are perpendicular to the ele- 
ments 4, and opposite directions, in FIGs.7 and 8, 
respectively. As noted above, the object of the 
present invention is achieved according to locating 
the piezo-electric elements 4 which are expanded 
and contracted due to the bending of the handle 3. 
It is a matter of course that the diodes 9 with 
rectifying action are electrically connected with 
both opposite electrodes to gain effectively the 
higher output voltage. 

In the embodiment of the present invention, as 
shown in FIG. 9. the only electrode 7 formed on one 
side of the piezo-electric element 4 is exposed in 
close vicinity to the surface 6 of the brushing 
portion, and the only electrode 8 is exposed on the 
gripped portion 1 t respectively. Moreover, the part 
of the piezo-electric element 4 with electrodes on 
both sides is sealed hermetically in the plastic of 
the handle, hence the short circuit between elec- 
trodes 7 and 8 is not caused when toothbrushing. 

The more practical embodiment of the present 
invention is illustrated in FIG. 10. A metal plate 19 is 
connected directly and operatively with the elec- 
trode 8 exposed on the gripped portion 1 of the 
handle 3 and fastened around the gripped portion 
1 . Furthermore, the diode 9 mounted in the gripped 
portion 1 is electrically connected between the 
electrode 7 and the metal plate 19. When tooth- 
brushing, a hand touches almost always the metal 
plate 19. and therefore the object of the present 
invention is effectively achieved. 

Il should be understood that many modifica- 
tions and adaptations of the invention will become 
apparent to those skilled in the art and it is in- 
tended to encompass such obvious modifications 
and changes in the scope of the claims appended 
hereto. 



2. An electronic toothbrush as claimed in Claim 
1 further includes a diode with rectifying action 
electrically connected with said electrodes formed 
on both sides of said piezo-electric element. 
5 3. An electronic toothbrush as claimed in Claim 

1 or 2 wherein said piezo-electric element is a thin 
and flexible piezo-electric material. 

4. An electronic toothbrush as claimed in any 
of claims 1 to 3 wherein said piezo-electric element 

io is a bimorph structure. 

5. An electronic toothbrush as claimed in any 
claims 1 to 4 wherein thick-nesses in compart- 
ments of plastic for covering said piezo-electric 
element are different at an upper portion and a 

75 lower portion of said piezo-electric element. 

6. An electronic toothbrush as claimed in any 
of claims 1 to 5 which has an electrode only on 
one side of said piezo-electric element at an ex- 
posed area in close vicinity to said brushing portion 

20 of said handle. 

7. An electronic toothbrush as claimed in any 
of claims 1 to 6 which has a metal plate electrically 
connected with a top of said electrode and a diode, 
said diode being electrically connected with said 

25 another electrode formed on said piezo-electric ele- 
ment, said metal plate being fastened around said 
gripped portion of said handle. 

30 
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Claims 



1. An electronic toothbrush comprising: a 
piezo-electric element with piezo-electric character- so 
istic mounted in a handle between a gripped por- 
tion and a brushing portion of said electronic tooth- 
brush; an exposed electrode in close vicinity to 
said brushing portion and an opposite exposed 
electrode on said gripped portion of said handle 55 
formed on both sides of said piezo-el ectric ele- 
ment, respectively. 
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